Cytogenetic biomarkers such as chromosomal aberrations (CAs), sister chromatid exchanges (SCEs) and micronuclei (MN) have been applied to the study of individuals exposed to known or potential genotoxic agents 1) . Recent evidence also suggests the usefulness of MN tests for screening carriers of specific mutations that indicate cancer susceptibility 2, 3) . Nevertheless, these biomarkers have not demonstrated as high values in exposed individuals as had been expected, perhaps because they had been influenced by dietary factors such as folate deficiency, the plasma levels of vitamin B12 and homocysteine, and habitual (exercising, drinking and smoking) and demographic factors (age and gender): it is suggested that age and gender are the most important variables affecting MN frequency 4) . Our review of the literature found few reports about MN frequency in healthy Japanese populations as control groups 5, 6) , but these reports did not refer to the contributions of either demographic or habitual factors in detail.
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MN assay is one of the most sensitive markers for detecting DNA damage, and has been used to investigate genotoxicity of a variety of chemicals. MN testing with interphase cells is more suited as a cytogenetic marker because it is not limited to metaphases, and has the advantage of allowing rapid screening of a larger numbers of cells than in studies with SCEs or CAs 7) . MN is formed from acentric chromosome-or chromatid-type fragments and whole chromosomes that have lagged behind in cell division, being left outside both daughter nuclei. MN analysis therefore appears to be a good tool for investigating the effects of clastogens and aneuploidogens in occupational and environmental exposure in human epidemiological studies 7) and also in animal experiments 8, 9) , but several factors could be associated with intra-and inter-individual variations of MN.
This study aimed to investigate the effects of demographic variables and several lifestyle factors on MN frequency in healthy Japanese subjects.
Materials and Methods
Studies were carried out in 71 healthy individuals (male, 38; female, 33). All subjects, who were healthy office workers, participated voluntarily and gave informed consent to the study, which was conducted in accord with the Helsinki II declaration and approved by the institutional ethics committee. All participants completed a questionnaire and provided a blood sample. The questionnaire elicited demographic data (age and gender), medical status (including history of cancer), drinking, exercising and smoking habits, and prior or current exposure to medication or environmental agents that could affect the MN assay (e.g., X-rays, anticancer chemotherapy, etc.). Blood samples carried code numbers, and information from questionnaire sourced data on the donors was not revealed before the analyses were completed.
The modified cytokinesis-blocked method of Fench 10) was used to determine MN frequency. MN were scored in 1000 T-lymphocyte binucleated cells according to published criteria 10) . All slides were scored by one reader blinded to the status of the subjects. Smoking habits were classified into heavy (Brinkmann index≥400), light (Brinkmann index<400) and nonsmokers. The Brinkmann index was calculated by multiplying cigarettes per day by years. Exercising subjects had a habit of walking or running at least three times per week. Drinking frequency was classified into habitual drinker (≥2 d/wk) and nondrinker (0-1 d/wk or seldom).
After transforming MN frequency data to square roots to normalize, significances of differences among the lifestyle factors for MN levels were estimated by unpaired t-test or one-way ANOVA followed by Fisher-PLSD test, when differences between two or more groups were compared. In order to determine the percentage of variance of MN frequency that could be accounted for by the predictors taken in combination, multiple linear regression analysis was performed. In this analysis, we defined MN frequency as a single dependent (outcome) variable, and age, gender, smoking status, drinking and exercising habits as five explanatory (predictor) variables. The level of significance was set at P<0.05. All statistical analysis was carried with StatView 5.0J (Hulinks) statistical software package.
Results
Demographic characteristics and the genotype prevalence of the study subjects are summarized in Table  1 . The mean ages of subjects were 38.8 (male) and 33.2 (female), respectively. The mean MN frequency for males was 4.3 compared with 2.8 for females (P<0.05). Heavy smokers had significantly higher mean MN frequencies than did light smokers or non-smokers (P<0.05). Subjects forty years old or older had higher MN frequencies than those younger than 40 (4.9 versus 3.0, respectively; P<0.05). Drinking and exercise habits had no statistically significant effects on MN frequency. Next, we crosstabulated these data ( Table 2 ). The mean MN frequency was highest in male subjects 40 yr old or older with a smoking habit, although it was not significant due to the small number of subjects in each category. Female subjects under 40 yr old had lower MN frequencies than other groups. Multiple regression analysis of data showed that about 8% of the total variance of MN frequency could be explained by a significant statistical model with age entered as a significant variable (P<0.05).
Discussion
We examined the relationship between demographic variables and lifestyle factors and clastogenicity, as measured by the MN frequency level, in 71 healthy Japanese individuals. Our study confirmed by univariate analysis that the frequency of MN in peripheral blood lymphocytes is associated with age, gender and smoking status, but not with drinking and exercise habits. Furthermore, it was demonstrated by multivariate analysis that age has a significant effect on MN frequency. Indeed, Bolognesi et al. 11) showed a greater frequency of mean standardized MN values with increasing age in analyses of a population sample that included data from several biomonitering studies performed over the past few decades in 12 Italian laboratories. The increased effects of aging on MN frequency might reflect accumulated genetic damage occurring during the life span. The higher MN frequencies in males might be due to the more damageable characteristics of Y chromosomes compared with other chromosomes, or due to contributions of unknown factors. The effects of smoking on MN frequencies in this study are supported by previous studies 12) . The higher MN frequency in smokers could be caused by benzo(a)pyrene (B[a]P), as B[a]P is a component of tobacco smoke 13) and consistently induced MN in a linear dose in an in vitro system 14) . Our results showed no significant difference between habitual drinkers or exercisers and the controls, although the mean MN frequency for both groups tended to be higher than the controls. This result is at variance with that reported in previous studies, in which a highly significant increase in MN frequency was observed in alcoholics 15) and exercisers 6) as compared with the controls. Nevertheless, the low number of subjects in each group in our study might not allow a definitive conclusion to be drawn on the effects of these habitual factors on MN frequency in our study population.
There are numerous molecular epidemiological studies examining whether a variety of metabolic enzyme gene polymorphisms play an important role as explanatory factors for a dispersion of MN distributions, but no study on the influence of genotypes on the frequency of MN has given definitely positive results 16) . Our study showed that cytochrome p450 2E1 polymorphisms have an effect on MN frequency (unpublished data), indicating that further studies are needed to detect possible relationships b e t w e e n M N d i s t r i b u t i o n s a n d o t h e r g e n e s polymorphisms (e.g. DNA repair genes). Such a study is now under way in our laboratory. Our findings from studies on Japanese populations suggest that a human biological effect study based on the cytogenetic marker of MN should take into account individual age, gender and smoking status.
